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CLAIMS 



[Claim(s)] 

[Claim 1] The phase comparator which considers input data and a clock signal as an input, and outputs the electrical 
potential difference of the peak value according to phase contrast with this clock signal on the basis of this input data, 
or pulse width, The frequency comparator which considers the above-mentioned input data and the above-mentioned 
clock signal as an input, judges the size of the frequency of this clock signal on the basis of the transmission speed of 
this input data, and outputs a binary signal, The synchronous judging machine which performs the synchronous judging 
of a phase and a frequency by considering the above-mentioned input data and the above-mentioned clock signal as 
an input The 1st switch opened when the above-mentioned phase comparator output was considered as the input, it 
closes when the above-mentioned synchronous judging machine judges with a synchronization, and it judges with it 
being asynchronous, The 2nd switch closed when the above-mentioned frequency comparator output was considered 
as the input, it opens when the above-mentioned synchronous judging machine judges with a synchronization, and it 
judges with it being asynchronous, The phase frequency synchronous circuit characterized by consisting of the loop 
filter which considers the switch output of the above 1st, and the switch output of the above 2nd as an input, and the 
voltage controlled oscillator which carries out ac{justable [ of the frequency ] based on the above-mentioned loop filter 
output, and outputs the above-mentioned clock signal. 

[Claim 2] 90-degree phase shifter with which said synchronous judging machine shifts 90 degrees of phases of said 
clock signal, Consider said input data and above-mentioned 90-degree phase-shifter output as an input, and the phase 
contrast of the above-mentioned clock signal on the basis of this input data outputs high level at the time of -90 
degree to +90 degrees. Phase contrast with this clock signal From -180 degree to -90 degrees Or the 2nd phase 
comparator which outputs a low level at the time of +90 to +180 degrees, The low pass filter which considers the 
phase comparator output of the above 2nd as an input, and has a predetermined band. The comparator with a 
hysteresis which considered the above-mentioned low pass filter output as the input, and set up the threshold 
between high level from the middle point of the high level and low level of the phase comparator output of the above 
2nd is prepared. In the case of more than the band where the transmission speed of the above-mentioned input data 
and the delta frequency of the above-mentioned clock signal are decided with the above-mentioned low pass filter 
Judge that frequency synchronization has not been carried out and the above-mentioned comparator with a 
hysteresis outputs an asynchronous signal regardless of the phase contrast of this input data and this clock signal. In 
the case of below the band where the transmission speed of the above-mentioned input data and the delta frequency 
of the above-mentioned clock signal are decided with the above-mentioned low pass filter When the average phase 
contrast which equalized the comparison result of the above-mentioned input data and the above-mentioned clock 
based on the threshold of the above-mentioned comparator with a hysteresis with the above-mentioned low pass 
filter is less than predetermined, The phase frequency synchronous circuit according to claim 1 characterized by for 
the above-mentioned comparator with a hysteresis outputting a synchronizing signal, and the above-mentioned 
comparator with a hysteresis outputting ah asynchronous signal when the above-mentioned average phase contrast is 
except predetermined. 

[Claim 3] the phase frequency synchronous circuit according to claim 2 characterized by the transmission speed of 
said input data and the delta frequency of said clock signal judging the. aforementioned synchronous judging machine 
to be frequency asynchronous more than by pi twice of ftc if the jitter transfer band of the loop arrangement which 
consists of said phase comparator, said loop filter, and said VCO of a synchronous condition is set to ftc. 
[Claim 4] Said phase comparator and said 2nd phase comparator are a phase frequency synchronous circuit according 
to claim 2 characterized by outputting the electrical potential difference of the peak value according to the phase 
contrast of said clock signal on the basis of one of the edges of the standup of said input data, or falling, or pulse 
width. 

[Claim 5] Said phase comparator and said 2nd phase comparator are a phase frequency synchronous circuit according 
to claim 3 characterized by outputting the electrical potential difference of the peak value according to the phase 
contrast of said clock signal on the basis of one of the edges of the standup of said input data, or falling, or pulse 
width. 

[Claim 6] Said phase comparator is a phase frequency synchronous circuit according to claim 1 characterized by 
outputting the current of the peak value according to the phase contrast of said input data and said clock-signal, or 
pulse width. 

[Claim 7] Said voltage controlled oscillator is the phase frequency synchronous circuit according to claim 1 
characterized by to prepare the selector which outputs the clock signal of one ** from the voltage controlled 
oscillator from which said loop filter output is considered as an input, two or more actuation and voltage controlled 
oscillators with which it un-operates and oscillation frequencies differ are carried with the mode selector signal from 
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the outside, and the above-mentioned oscillation frequency differs with a mode selector signal by considering as an 
input the voltage controlled oscillator with which two or more above-mentioned oscillation frequencies differ. 
[Claim 8] The phase frequency synchronous circuit according to claim 2 characterized by preparing the 2nd 
comparator with a hysteresis made into a threshold which considers said low pass filter output as an input, and is 
different from said comparator with a hysteresis, and the comparator with a hysteresis of the above 2nd outputting an 
alarm when larger than the jitter threshold of the input data with which the jitter of said input data is decided by the 
comparator with a hysteresis of the above 2nd. 

[Claim 9] The phase frequency synchronous circuit according to claim 3 characterized by preparing the 2nd 
comparator with a hysteresis made into a threshold which considers said low pass filter output as an input, and is 
different from said comparator with a hysteresis, and the comparator with a hysteresis of the above 2nd outputting an 
alarm when larger than the jitter threshold of the input data with which the jitter of said input data is decided by the 
comparator with a hysteresis of the above 2nd. 

[Claim 10] The phase frequency synchronous circuit according to claim 4 characterized by preparing the 2nd 
comparator with a hysteresis made into a threshold which considers said low pass filter output as an input, and is 
different from said comparator with a hysteresis, and the comparator with a hysteresis of the above 2nd outputting an 
alarm when larger than the jitter threshold of the input data with which the jitter of said input data is decided by the 
comparator with a hysteresis of the above 2nd. 

[Claim 1 1] The phase frequency synchronous circuit according to claim 5 characterized by preparing the 2nd 
comparator with a hysteresis made into a threshold which considers said low pass filter output as an input, and is 
different from said comparator with a hysteresis, and the comparator with a hysteresis of the above 2nd outputting an 
alarm when larger than the jitter threshold of the input data with which the jitter of said input data is decided by the 
comparator with a hysteresis of the above 2nd. 

[Claim 12] The photo detector which receives and carries out photo electric conversion of the lightwave signal, and 
the amplifier which amplifies the signal by which photo electric conversion was carried out [ above-mentioned ], and 
outputs said input data, The phase frequency synchronous circuit according to claim 8 which considers the above- 
mentioned input data as an input, and outputs said clock signal, The optical receiving circuit which is an optical 
receiving circuit which considers the above-mentioned input data and the above-mentioned clock signal as an input, 
and contains the discrimination circuit which carries out discernment playback, and is characterized by setting up the 
jitter threshold of the input data decided by said comparator with the 2nd hysteresis so that the rate of a data error 
may be set to 10-1 to 10-3. 

[Claim 13] The photo detector which receives and carries out photo electric conversion of the lightwave signal, and 
the amplifier which amplifies the signal by which photo electric conversion was carried out [ above-mentioned ], and 
outputs said input data, The phase frequency synchronous circuit according to claim 9 which considers the above- 
mentioned input data as an input, and outputs said clock signal, The optical receiving circuit which is an optical 
receiving circuit which considers the above-mentioned input data and the above-mentioned clock signal as an input, 
and contains the discrimination circuit which carries out discernment playback, and is characterized by setting up the 
jitter threshold of the input data decided by said comparator with the 2nd hysteresis so that the rate of a data error 
may be set to 10-1 to 10-3. 

[Claim 14] The photo detector which receives and carries out photo electric conversion of the lightwave signal, and 
the amplifier which amplifies the signal by which photo electric conversion was carried out [ above-mentioned ], and 
outputs said input data, The phase frequency synchronous circuit according to claim 10 which considers the above- 
mentioned input data as an input, and outputs said clock signal, The optical receiving circuit which is an optical 
receiving circuit which considers the above-mentioned input data and the above-mentioned clock signal as an input, - 
and contains the discrimination circuit which carries out discernment playback, and is characterized by setting up the 
jitter threshold of the input data decided by said comparator with the 2nd hysteresis so that the rate of a data error 
may be set to 10-1 to 10-3. 

[Claim 15] The photo detector which receives and carries out photo electric conversion of the lightwave signal, and 
the amplifier which amplifies the signal by which photo electric conversion was carried out [ above-mentioned ], and 
outputs said input data, The phase frequency synchronous circuit according to claim 11 which considers the above- 
mentioned input data as an input, and outputs said clock signal, The optical receiving circuit which is an optical 
receiving circuit which considers the above-mentioned input data and the above-mentioned clock signal as an input, 
and contains the discrimination circuit which carries out discernment playback, and is characterized by setting up the 
jitter threshold of the input data decided by said comparator with the 2nd hysteresis so that the rate of a data error 
may be set to 10-1 to 10-3. 

[Claim 16] The lightwave transmission system which is a lightwave transmission system which connects between two 
or more optical receiving circuits according to claim 14 and two or more optical sending circuits with two or more 
optical fibers, respectively, and has two or more paths of optical transmission, and is characterized by setting to one 
of the path change information on optical transmission the alarm which said 2nd comparator with a hysteresis outputs. 

[Claim 17] The lightwave transmission system which is a lightwave transmission system which connects between two 
or more optical receiving circuits according to claim 15 and two or more optical sending circuits with two or more 
optical fibers, respectively, and has two or more paths of optical transmission, and is characterized by setting to one 
of the path change information on optical transmission the alarm which said 2nd comparator with a hysteresis outputs. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is concerned with a lightwave transmission system, and relates to the phase 

lock loop used especially for optical fiber transmission. 

[0002] 

[Description of the Prior Art] In a lightwave transmission system, photo electric conversion of the optical input signal 
is carried out by the photo detector, and it changes into an electrical signal. Equivalence magnification of this changed 
electrical signal is carried out, and when a jitter increases and there is no lightwave signal as a jitter will be small and 
optical receiving level will become small, if optical receiving level is large, the data of an NRZ code made binary serve 
as a noise output, and are equivalent to jitter infinity. Moreover, to this data, pulse width distortion arises by the 
optical sending circuit and the optical receiving circuit. 

[0003] The configuration of the phase frequency synchronous circuit of the relation which generates the clock signal 
which synchronized with data from such a data signal is shown in drawing 1 . A phase comparator 10 outputs the 
electrical potential difference of the peak value according to the phase contrast of input data and a clock signal, or 
pulse width. The frequency comparator 20 outputs the size of the frequency of the clock signal on the basis of the 
transmission speed of input data, and if input data and a clock signal synchronize and it becomes within predetermined 
phase contrast, it will not output the size of a frequency. The output of a phase comparator 10 and the output of the 
frequency comparator 20 are inputted into a loop filter 40 through the superposition machine 80. VCO (it is called 
below the voltage controlled oscillator VCO)50 carries out adjustable [ of the oscillation frequency ] based on the 
output of a loop filter 40, outputs a clock signal, and performs the synchronization of input data and a clock signal. As 
a phase frequency synchronous circuit of this configuration, it is 1992 IEEE International Solid-State 
CircuitsConference, for example. It is indicated by p.162 "TP10.3:A 8 Gb/s Si Bipolar Phase and Frequency Detector 
IC for Clock Extraction" and JP.6-21 6766,A. 

[0004] Moreover, in the file equipment which used the disk, the shake of about 1% by the data rate exists by causes, 
such as rotation unevenness of a disk, and the data signal from file equipment has a jitter and a small pulse width 
distortion, in view of the data signal from an optical receiving circuit. The configuration of the phase frequency 
synchronous circuit of the relation which generates the clock signal which synchronized with data from such a data 
signal is shown in drawing 2 . The 1st phase comparator 10-1 outputs the electrical potential difference of the pulse 
width according to the phase contrast of input data and a clock signal. The frequency comparator 20 performs the 
comparison with input data and a clock signal, and by detecting the condition of separating from the limit of mark 
length specified to data, the frequency of a clock distinguishes whether it is high or low to the frequency of data, and 
outputs it. 

[0005] The 2nd phase comparator 10-2 outputs the electrical potential difference of the pulse width according to the 
phase contrast of an input and a clock signal by making all phase contrast of an input and a clock signal into a phase . 
lead lag network or phase lag. According to frequency comparator 20 output, the phase contrast of input data and a . 
clock signal progresses by considering input data, clock signal, and frequency comparator 20 output as an input, or the 
2nd phase comparator 10-2 outputs one of the phase contrast of delay. A synchronous judging machine performs the 
comparison with input data and a clock signal, is detecting the condition of separating from the limit of mark length 
specified to data, and judges a synchronization or asynchronous. A switch 1 is between the 1st phase comparator 
output and the 1st loop filter 40-1, is closed to the synchronizing signal of a synchronous judging machine output, and 
an asynchronous signal opens it. A switch 1 is between the 2nd phase comparator output and the 2nd loop filter 40-2, 
is closed to the asynchronous signal of a synchronous judging machine output, and a synchronizing signal opens it. The 
1st loop filter 40-1 and the 2nd loop filter 40-2 are inputted into VCO50 through an adder. VCO50 carries out 
adjustable [ of the oscillation frequency ] based on an adder output, outputs a clock signal, and performs the 
synchronization of input data and a clock signal. It is indicated by JP,9-284269,A as a phase frequency synchronous 
circuit of this configuration. 
[0006] 

[Problem(s) to be Solved by the Invention] In the phase frequency synchronous circuit of drawing 1 , the loop- 
formation property which consists of the phase comparator 10 and loop filter 40 which are in a synchronous condition, 
and VCO50 determines a loop filter constant. Although it is the loop formation which consists of the frequency 
comparator 20, a loop filter 40, and VCO50 in the state of asynchronous, since it cannot be chosen as the loop filter 
constant corresponding to an asynchronous condition, time amount until it synchronizes from an asynchronous 
condition has the problem which becomes long. 

[0007] In the phase frequency synchronization circuit of drawing 2 , the condition that the frequency of data and a 
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clock approaches from the asynchronous condition which the switch 1 opened and the switch 2 has closed, and the 
synchronous judging circuit 30 outputs a synchronous judging signal is considered. When outputting a synchronous 
judging signal, the adder output adding the 1st loop filter output and the 2nd loop filter output is in the condition which 
approached the predetermined value, in view of the oscillation frequency of VCO50, and it is assumed that the 
difference of a voltage level is in the 1st phase comparator output and the 1st loop filter output. When a switch 1 
closes and a switch 2 opens, an abrupt change may happen to the output of an adder 90 according to the difference 
of the voltage level of the output of the 1st phase comparator 10-1, and the output of the 1st loop filter 40-1, and a 
phase frequency synchronous circuit may become unstable. Therefore, although the phase frequency synchronous 
circuit of drawing 2 is equipped with two loop filters and can set up the drawing-in property of a frequency, and the 
drawing-in property of a phase according to an individual, it has the problem to which a phase frequency synchronous 
circuit becomes unstable from frequency drawing-in mode at the time of a phase drawing-in mode change. 
[0008] Moreover, the case where data with the large jitter which carried out equivalence magnification and made the 
feeble lightwave signal binary by drawing 1 are inputted into a phase frequency synchronous circuit is considered. Also 
in the condition that phase simulation can be taken in the phase frequency synchronization circuit of drawing 1 , the 
frequency comparator 10 operates [ an input jitter ] exceeding predetermined phase contrast momentarily, and there 
is a problem on which a clock jitter increases momentarily. In the phase frequency synchronization circuit of drawing 
2 , when an input jitter exceeds predetermined phase contrast momentarily, there is a problem which the synchronous 
judging machine 30 carries out a misjudgment law to asynchronous, changes from phase simulation mode to frequency 
synchronization mode, and the jitter of a clock signal increases. When the phase frequency synchronous circuit of the 
property which the jitter of a clock signal increases to an optical receiving circuit is used, there is a problem which 
causes rapid error rate increase. Moreover, generally the phase comparator which outputs the electrical potential 
difference of the peak value according to the standup of input data and the phase contrast of the clock signal on the 
basis of both the edges of falling or pulse width when pulse width distortion has input data by the NRZ code has the 
problem which outputs peak value binary [ different ] or the electrical potential difference of pulse width a random 
period. In the loop arrangement in the phase-comparison mode which consists of a phase comparator, a filter, and 
VCO, if the binary peak value from which a phase comparator differs, or the electrical potential difference of pulse 
width is outputted a random period, the random component of the phase comparator output in a loop-formation band 
will cause the increment in a clock jitter. In the loop arrangement which consists of a frequency comparator, a filter, 
and VCO, if the binary peak value from which a phase comparator differs, or the electrical potential difference of pulse 
width is outputted a random period, spacing of a frequency comparison test will not serve as an integral multiple of 
input data width of face, but the precision of a frequency comparison test will fall. If it cannot draw with the frequency 
synchronous mode to the frequency which can be drawn in phase simulation mode, a phase frequency synchronous 
circuit has the problem which incorrect-synchronizes. 

[0009] As mentioned above, it is offering the phase frequency synchronous circuit which the purpose of this invention 
considers a synchronous condition as the phase-locked loop configuration which consists of a phase comparator, a 
filter, and VCO, and shortens time amount until it synchronizes from an asynchronous condition, without carrying out 
unstable actuation of the phase frequency synchronous circuit when changing from a frequency synchronization loop 
formation to a phase-locked loop as frequency synchronization loop arrangement which consists of a frequency 
comparator, a filter, and VCO in an asynchronous condition synchronization. 

[0010] Although other purposes of this invention can carry out synchronous operation in the phase-comparison mode 
of a phase frequency synchronization circuit, when the jitter momentarily exceeding predetermined phase contrast is 
in input data It is offering the phase frequency synchronous circuit where it judges with the synchronous judging 
machine output synchronizing, and an input jitter's increases, a frequency comparator output's is not transmitted to a 
loop filter, but synchronous operation's is performed in phase-comparison mode, and a clock jitter's does not increase 
momentarily even if a frequency comparator's operates momentarily. 

[0011] Other purposes of this invention are offering the phase frequency synchronization circuit which can prevent 
the frequency comparison precision fall of a frequency comparator by frequency comparison spacing serving as an 
integral multiple of input data in the case the increment in a jitter by the random component of an NRZ code being 
prevented, and there being pulse width distortion by the NRZ code, when pulse width distortion has input data by the 
NRZ code. 
[0012] 

[Means for Solving the Problem] The phase comparator which considers input data and a clock signal as an input, and 
outputs the electrical potential difference of the peak value according to the phase contrast of the clock signal on the 
basis of input data, or pulse width in order to solve the above-mentioned technical problem. The frequency 
comparator which considers input data and a clock signal as an input, and outputs the size of the frequency of the 
clock signal on the basis of the transmission speed of input data, The synchronous judging machine which performs 
the synchronous judging of a phase and a frequency by considering input data and a clock signal as an input, The 
switch 1 opened when it closes when a phase comparator output is considered as an input and a synchronous judging 
machine judges with a synchronization, and it judges with it being asynchronous, The switch 2 closed when it opens 
when a frequency comparator output is considered as an input and a synchronous judging machine judges with a 
synchronization, and it judges with it being asynchronous, It is characterized by preparing the loop filter which 
considers switch 1 output and switch 2 output as an input, and VCO which carries out acijustable [ of the frequency ] 
based on a loop filter output, and outputs a clock signal. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention is explained using drawing. 
Drawing 3 is one example **** of the phase frequency synchronous circuit by this invention. The phase comparator 
10 which the phase frequency synchronization circuit of this invention considers input data and a clock signal as an 
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input, and outputs the electrical potential difference of the peak value according to the phase contrast of the clock 
signal on the basis of input data, or pulse width, The frequency comparator 20 which considers input data and a clock 
signal as an input, and outputs the size of the frequency of the clock signal oh the basis of the transmission speed of 
input data, The synchronous judging machine 30 which performs the synchronous judging of a phase and a frequency 
by considering input data and a clock signal as an input, The switch 1 opened when it closes when the output of a 
phase comparator 10 is considered as an input and the synchronous judging machine 30 judges with a synchronization, 
and it judges with it being asynchronous, The switch 2 closed when it opens when the output of the frequency 
comparator 20 is considered as an input and the synchronous judging machine 30 judges with a synchronization, and it 
judges with it being asynchronous. It consists of VCO50 which carries out aajustable [ of the frequency ] based on the 
output of the loop filter 40 which considers switch 1 output and switch 2 output as an input, and a loop filter 40, and 
outputs a clock signal. 

[0014] Input data and the clock signal which is a VCO output judge the synchronous judging machine 30 in a 
synchronization or asynchronous. If it judges with a synchronization, SW1 will be closed, SW2 will be opened, and a 
loop formation consists of the loop filters and VCO50 which were constituted from a phase comparator 10, and 
resistance R1 and a capacitor CI. If it judges with it being asynchronous, SW1 will be opened, SW2 will be closed, and 
a loop formation consists of the loop filters and VCO50 which were constituted from a frequency comparator 20, and 
resistance R2 and a capacitor CI. If the synchronous judging machine 30 judges with a synchronization even if an 
input jitter increases and the frequency comparator 20 operates, the frequency comparator 20 will become the outside 
of a loop formation, and will prevent the increment in a clock jitter. Since the phase comparator 10 which carries out 
unstable actuation becomes the outside of a loop formation in the state of asynchronous, it does not incorrect- 
synchronize. Moreover, since the loop filter property corresponding to an asynchronous condition can be realized by 
resistance R2, with the filter shape of a synchronous condition maintained, the optimal characteristics which 
shortened time amount until it synchronizes from an asynchronous condition are realizable. 

[0015] Drawing 4 shows the example of the synchronous judging machine which used this invention. The 90-degree 
phase shifter 31 with which the synchronous judging machine 30 by this invention shifts 90 degrees of phases of a 
clock signal, Consider the output of input data and the 90-degree phase shifter 31 as an input, and high level is 
outputted when the phase contrast of the clock signal on the basis of input data is -90 degree— »-90 degree. The 2nd 
phase comparator 32 which outputs a low level when the phase contrast of a clock signal is -180 degree — 90 degree 
or +90 degrees - +180 degree of **, It consists of comparators 35 with a hysteresis which considered the output of 
the 2nd phase comparator 32 as the input, considered the output of the low pass filter 33 of a predetermined band, 
and a low pass filter 33 as the input, and set up the threshold between high level from the middle point of the high 
level and low level of the output of the 2nd phase comparator 32. 

[0016] Next, detailed actuation of the synchronous judging machine 30 by this invention is explained. The 2nd phase 
comparator 32 outputs the electrical potential difference of the peak value according to the phase contrast of phase- 
shifter 31 output which is the clock signal with which about 90 degrees of phases shifted from the input data, and 
when the phase contrast of input data and a clock signal is 0, it outputs maximum (or the case where they are the 
minimum value and following maximum is described). On the other hand, when phase contrast arises in input data and 
a clock signal, 2nd phase comparator 32 output serves as input data transmission speed and a beat signal of the phase 
according to the phase contrast of a clock signal frequency. 

[001 7] The 2nd phase comparator 32 output is inputted into the comparator 35 with a hysteresis through a low pass 
filter 33. The threshold of the comparator 35 with a hysteresis will be set up near the level of 0.75, if high level is set 
to 1 by making the low level of the 2nd phase comparator 32 output into zero criteria. When the phase contrast of 
input data and a clock signal is large, low pass filter 33 output becomes near the level of 0.5, and comparator 35 with a 
hysteresis output outputs an asynchronous judging, so that it becomes a beat signal more than the band of a low pass 
filter 33. When the frequency of input data and a clock signal is in agreement, the 2nd phase comparator 32 serves as 
an electrical potential difference near the maximum, low pass filter 33 output becomes near the level of 1, and 
comparator 35 with a hysteresis output outputs a synchronous judging. 

[0018] If a low pass filter 33 is used, since the momentary asynchronous signal which is outputted with the 2nd phase 
comparator 32 in the case of the large input data of a jitter will be oppressed, a synchronous judging can be correctly 
performed also by the increment in a jitter of input data. 

[0019] The comparator 35 with a hysteresis prevents that a synchronous decision output flusters by unstable 
fluctuation of a low pass filter 33 in the process which changes from an asynchronous condition to a synchronous 
condition. 

[0020] if the jitter transfer band which transmits the jitter of the loop arrangement which the synchronous judging 
machine 30 becomes from the phase comparator 10, the filter 40, and VCO50 of a synchronous condition at this time 
is set to ftc, the transmission speed of input data and the delta frequency of a clock signal frequency will judge it as a 
synchronization less than [ of ftc / pi twice ]. The phase drawing-in loop formation which consists of a phase 
comparator 10, a filter 40, and VCO50 performs control which makes small the transmission speed of input data, and 
the delta frequency of a clock signal frequency through the control which makes small phase contrast of input data 
and a clock signal. When the amount of frequency drifts of a clock signal frequency is set to f (t) and initial value is set 
to deltaf, f (t) of a phase drawing-in loop formation can be expressed with a number (1) 
[0021] 
[Equation 1] 

f(t) = Af*exp(-2*r *ftc*t) SfcO) 

[0022] deltatheta can be expressed with a number (2) when the phase shift in t=0 ->infinity of a number (1) is set to 
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deltatheta. 
[0023] 
[Equation 2] 

A6 = J2tt *f(t)dt *(2) 

=2;rAf* Jexp(-27r *ftc*t)dt ^ 
=2* Af* {-1/(2* *ftc)} *[-2tt *ftc*|j] 
= Af/ftc 

[0024] If deltatheta becomes Number pi, it will think that a phase comparator output generates progress and delay 
several times, and becomes unstable [ a phase drawing-in loop formation ], and delta theta=pi will consider as the 
stable point of a phase drawing-in loop formation. 

[0025] From this, it becomes delta f=pi*ftc and, as for a phase drawing-in loop formation, the delta frequency of input 
data transmission speed and a clock signal frequency operates stably by pi double less or equal of ftc. In the process 
which synchronizes from an asynchronous condition, a phase drawing-in loop formation performs frequency drawing in 
in operational stability, and the delta frequency of input data transmission speed and a clock signal frequency can 
prevent an incorrect synchronization, when the synchronous judging circuit 30 outputs a synchronizing signal by pi 
double less or equal of ftc. 

[0026] The concrete example of a configuration of the frequency comparator 20 and the synchronous judging machine 
30 which drawing 5 shows the concrete example of a configuration which used this invention, and is shown in drawing 
is shown in drawing 6 . In addition, VCOS1 is the thing of a configuration of outputting a clock signal and the clock 
signal which carried out the phase shift about 90 degrees by differential, respectively. 

[0027] Only when NAND1 outputs the electrical potential difference of the pulse width according to the phase 
contrast of input data and a clock signal and the phase comparator 1 1 with a switch of drawing-5 has the output of 
NAND1, NAND2 outputs a fixed pulse. The circuit constituted from T103 transforms the voltage signal of NAND1 and 
NAND2 into a current signal from a bipolar transistor T100. When there is no phase contrast of input data and a clock 
signal, the average current output of the phase comparator 1 1 with a switch has set up the fixed pulse width of 
appearance NAND 2 used as 0. It becomes high-level in the state of a synchronization synchronous judging machine 
30 non-inverter outputting, the phase phase comparator 1 1 with a switch is operated, a synchronous judging machine 
30 non-inverter output serves as a low level in the state of asynchronous, and MOS transistors Ml and M2 suspend 
the output of the phase phase comparator 11 with a switch. Phase phase comparator 1 1 with a switch output is 
connected to 40 loop filterRI, and frequency comparator 20 output is connected to 40 loop filterR2 through a switch 
SW2. By this configuration, it becomes the phase phase comparator 1 1 with a switch, the loop filter 40 constituted 
from R1 and C1, and the loop arrangement which consists of VC051 at the time of a synchronization, and becomes 
the frequency comparator 20, the loop filter 40 constituted from R2 and CI, and the loop arrangement which consists 
of VC051 at the time of asynchronous. The oscillation frequency which VC051 averaged is controlled by potential of 
CI, and there is no oscillation frequency change which VC051 before and behind a loop-formation change averaged. 
Moreover, since R2 can be optimized only in an asynchronous loop-formation property by not containing in the loop 
formation at the time of a synchronization, it can shorten time amount until it synchronizes from an asynchronous 
condition. Moreover, even when it is in the asynchronous condition that the frequency has shifted so that the phase 
phase comparator 1 1 with a switch malfunctions, since the phase phase comparator 1 1 with a switch is not included in 
a loop formation, an incorrect synchronization can be prevented. 

[0028] Drawing 6 is the example which communalized the 2nd phase comparator 32 which showed the concrete 
example of a configuration of the frequency comparator 20 and the synchronous judging machine 30 shown in drawing 
5 , and was used for the frequency comparator 20 and the synchronous judging machine 30. Making a clock signal into 
a binary digital signal, the frequency comparator 20 and the synchronous judging machine 30 explain the case where it 
operates not in an analog but in digital one. 

[0029] The frequency comparator 20 consists of a phase comparator 21, the 2nd phase comparator 32, and a logical 
circuit 22. A phase comparator 21 and the 2nd phase comparator 32 are fHp-flop circuits which hold the level of Data 
D by the rising edge of Clock T. A phase comparator 21 connects input data to the clock T of a flip-flop circuit, 
connects a clock signal to the data D of a flip-flop circuit, and makes it the condition which shows the timing of the 
phase contrast 0 of input data and a clock signal in drawing 7 a. 

[0030] From it, a phase comparator 21 outputs high level, when a low level is outputted when the phase of a clock 
signal is progressing with -pi-0 on the basis of the rising edge of input data, and the phase of a clock signal is behind 
this with 0 - +pi. Since input data is connected to the clock T of a flip-flop circuit and 90-degree clock signal is 
connected to the data D of a flip-flop circuit, as rising edge criteria of input data, the 2nd phase comparator 32 
outputs high level, when -0.5pi - +0.5pi and phase contrast have the small phase of a clock signal, and the phase of a 
clock signal - A low level is outputted when pi — 0.5pi or +0.5pi - +pi, and phase contrast are large. 
[0031] A timing chart when the frequency of a clock signal is low is shown in drawing 7 c to an input data signal. Inside 
T21 of a logical circuit: An emitter incorporates V points of the 2nd phase comparator output Q of drawing 7 c, and a 
T23:emitter incorporates VV point of the 2nd phase comparator output O of drawing 7 c in a logical circuit. In the 
condition that a frequency judging cannot be performed, frequency comparator 20 output outputs the middle point 
level of an output swing, and is outputting a low level on the point judged as a clock frequency being low. In addition, 
high level is outputted on the point judged as a clock frequency being high. 

[0032] The synchronous judging machine 30 consists of the 2nd phase comparator 32, low frequency band pass 
amplifier 34, and comparator 35 with a hysteresis. The pulse according to the delta frequency of an input data signal 
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and a clock signal carries out the 2nd phase comparator 32 output of a timing chart shown in drawing 7 c. The low 
frequency band pass amplifier 34 serves as a wave it is indicated as a continuous line that is a narrow-band, as shown 
in an alternate long and short dash line, when the threshold of the comparator 35 with a hysteresis is set up, 
comparator 35 with a hysteresis output always serves as a low level in the period on a timing chart, and an 
asynchronous condition is shown. The point with which the low frequency band pass amplifier 34 serves as a wave it is 
indicated by the dotted line that is a broadband, and becomes beyond the threshold of the comparator 35 with a 
hysteresis arises, and comparator 35 with a hysteresis output outputs the high level which shows a synchronous 
condition intermittently. The low frequency band pass amplifier 34 has the function to prevent that the synchronous 
judging machine 30 outputs a synchronizing signal intermittently in the condition that the delta frequency of an input 
data signal and a clock signal is large. In the case of the large input data of a jitter, the low frequency band pass 
amplifier 34 has the effectiveness which oppresses the momentary asynchronous signal generated with the 2nd phase 
comparator 32. 

[0033] Although drawing 7 c is a time of input data being 10 repeats, if input data becomes a random pattern, the 
incorrect-detected pattern exists, and it is necessary to perform a frequency judging on the average, and R2 and C1 
of a loop filter perform the actuation. If experiment evaluation of this circuit is carried out when input data is a random 
pattern, a misjudgment law will be carried out to a clock signal frequency exceeding about -85 - +115% on the basis of 
input data transmission speed as a frequency comparator. From this, the frequency range of the clock signal of 
VC051 is set up with -90 - +1 10% on the basis of input data transmission speed. 

[0034] Drawing 8 shows the example of another phase frequency synchronous circuit which used this invention. VCO- 
A, VCO-B, and VCO-C correspond to the input data rate from which a clock signal frequency differs and differs. Only 
VCO chosen by the mode selector signal oscillates, and a phase frequency loop is formed through a selector 60. The 
consumed electric current of VCO which is not chosen by the mode selector signal serves as zero, and there is no 
increment in power consumption by this invention. This invention is a technique which makes the phase frequency 
synchronous circuit which manufactured for some kinds of every input data rates one kind of phase frequency 
synchronous circuit, and is suitable for IC-ization which carries out 1 form mass production method. The phase 
frequency synchronization circuit 100 is the example which can respond to three kinds of input data rates, and can 
respond to the input data rate of the class of part which carried VCO from which a clock signal frequency differs in 
this invention. 

[0035] Drawing 9 shows the example of the optical receiving circuit which used this invention. In preparation for the 
phase frequency synchronous circuit 100 using this invention, the optical receiving circuit is constituted for a photo 
detector 200, a preamp 300, the latter-part amplifier 400, and a discrimination circuit 500. 

[0036] The low pass filter output when the input data and the clock signal synchronize expresses the probability of 
occurrence in case the phase contrast of the clock signal on the basis of input data becomes +90 to +180 degrees, 
and if the jitter of input data increases, this probability of occurrence will go up. [ -180 degree to -90 degree, or ] The 
count result of the rate of a data error which converted the output voltage which the low pass filter 33 normalized 
from the jitter of input data is shown in drawing 10 . 

[0037] the threshold in which the 2nd comparator 71 with a hysteresis carries out alarm generation — 2nd with a 
hysteresis — comparator normalizing-value 0.85V and the threshold which carries out alarm discharge — 2nd with a 
hysteresis — if it sets up with comparator normalization value 0.95V, an alarm can be generated and canceled of the 
error rate 10-1 of data by 10-3. 

[0038] When the rate of a data error constituted the alarm which generates by 10-1 to 10-3, the alarm function was 
conventionally realized by the approach of detecting the signal power of an optical receiving circuit. In the case of the 
optical input signal through the optical amplifier which is the description in recent years, optical noise power cannot be 
disregarded compared with the noise power generated in an optical receiving circuit, and alarm generating cannot be 
correctly carried out by the method which detects the signal power of an optical receiving circuit. If it sets up as 
mentioned above, even when optical noise power cannot be disregarded compared with the noise power generated in 
an optical receiving circuit, an alarm can be generated at the predetermined rate of a data error. 
[0039] 

[Effect of the Invention] As mentioned above, as explained, it considers as the phase-locked loop configuration which 
consists of a phase comparator, a filter, and VCO according to this invention, and as frequency synchronization loop 
arrangement which consists of a frequency comparator, a filter, and VCO in the state of asynchronous, when changing 
from a frequency synchronization loop formation to a phase-locked loop, there is effectiveness which can shorten 
time amount until it synchronizes from an asynchronous condition, without carrying out unstable actuation of the 
phase frequency synchronous circuit. 

[0040] Moreover, although synchronous operation can be carried out in the phase-comparison mode of a phase 
frequency synchronization circuit, when the jitter momentarily exceeding predetermined phase contrast is in input data 
according to this invention, it is effective in judging with the synchronous judging machine output synchronizing, and an 
input jitter increasing, and a frequency comparator output not being transmitted to a loop filter, but performing, 
synchronous operation in phase-comparison mode, and a clock jitter not increasing momentarily, even if a frequency 
comparator operates momentarily. 

[0041] Moreover, according to this invention, when pulse width distortion has input data by the NRZ code, there are 
input data which the phase comparator detected, and effectiveness that the phase contrast of a clock signal does not 
change by the existence of pulse width distortion. 

[0042] Moreover, according to this invention, it is effective in the electrical potential difference which the loop filter 
which consists of a series connection of resistance and a capacitor in a synchronous condition generates in 
resistance of a loop filter with the capacitor terminal voltage of a loop filter not changing, but a RF loop-formation 
property becoming fixed. 
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«*L«=»*C=mi:TWH«fc«*Lfc»»(=IIII< x-f 
*y^l<!:. H?tt»JtKS2 0(Dai**A*i: LH»l*ij3£ 

§§3 OtfHlllltflSLfcMi:Hl^#H»tflSLfc 
2ftrt£Art<h^£;U— 4 0 )\s—Z?Z7>< 

JtiJW^vco 5 0T*t8j££*iTi^o 

[0 0 14] |HjMfl^JSSl3 0I£. ArtT— ? (tVCOtfc 

H±We*ftiSWl£IBCTSW2£6BH\ tefflJtR 
8 1 0. JgtfiR 1 <t =i >f 1 T'«/?JcL/c;U— 

■r^xt swi^Ba(trsw2^BHi:. js%8Et£t&S2 

9. vC050t^-^ffifi£t^)o Art 

jWi«s-r*iHa*jt«»2 oA^u—^nt&y. * 



[ooi5] H4ii ««m$ffli^=ignns«(DStt 

«***rti<Drft*. *^B^I^<fc^>(5l^«SSS3 Ol*. 
^P^^fi^-a>faffiS9 0° v7ht^9 0° »fflSS3 
1 <t, Artx— £<t 9 0° f£fS8 3 1 <7>fctirt£Art£ L 
ArtT 5 — Lfc^P^^«*0)tt*«3&<— 9 0 
* -+90° <7>B#/W u^;u££tirt L, troytm^CD 

m$&ti<— 18 0° 9 0° ^fcli/)<+9 0° ~+ 1 

8 0° <7)B#P — U^;U£ttSrt**»20>{afBit«83 2 
fc. K2<Dtt«Jt»»3 20>Bl*tA*t LBfS0>#Jgl 
<D««aifl"7-f ;U5» 3 3 i&mmi&y << 3 3<£>fctj 
rt£Art£ L8B2<z>ttffilt«8 3 2(7)fctirt<7)/W U^<;u 

[0 0 16] 3felC**MI=«fe&EI»l*iJS*3 OOBfiBfc 
■SffSlttWr*. *2fl)tt«ttK»3 2li, Art-x-^ 
H0° fit«(Dr*lfc^P^^**-Cfcft»««3 1 as 
rt^a«»cj£CfcK»fi(DaESairt LArt-r-* £ 
^P-y^«#a>tt««*<OtDtt, g^fil (XlMk'MI, 
&T**«O>**£lE*0£Hirt'r*. -rt. Art^- 

83 2t±irt(i. Art^— *eaiaa[fc^p^«#Ha 
«o>fi«»=Bi:fctt«a>i;- HB#ta*. 

[0 0 17] ^2C^CLfflit$58 3 2ttJrtf*ft«aa7-f 
JU* 3 3 £*VLTfcA-r-'J->Att£l£«S3 5lcArt^f 

Wf'J ->Xft*tk«»3 5(D|gfigl*, 
itR8 3 2fcfcrt0>P — b/<;i/$OS¥i: Lt/W U^;u 
*1 £-f£<b:0. 7 5<7)U^Ui£^iria5t-f £o <g**iS 
iS^^JU^ 3 3<D»«laA±0>t:— HI#itt*«.. Art 
■r— * d: <? a y ^«#a>fitt«A<*#t^**l*, 
jS>-r;u$ 3 3tiirtl^0- 5(7>u^;uifi^<t^iJ. tx 
^r'J S/Xft#it«» 3 5 £iirtl±. #H»l*'J3E*8tirt"r 

^>o Art T ? --^t^p^^«#a)jaa»*<---»Lr 

S^li. ffi2 0)fi:ffiitlB«3 2i4«^:«ifi«a>«ffit«: 

l J. ^iHtiSiS77<;U^-3 3tlirtl^ 1 <DL>s<)\s&i%tU 

tj. txf'j vx»*itK»3 5airti*iHiafl*ijssmrt 
[o o 1 si i&mmmy-oit 3 3 sflai^+K*. 

(DXZ L>Art x — ^ <7)ig^ir^ 2 <D&*I1±!58 3 2 -c? tb 
rtt"*»BIM«:»H«Hl**«ltt-r*<D-C, Artx-^ 
0)^^*liftlT?tijEL<H«l«3t*fT3CfcA<'e*«. 

[00 19] t^f'J ->Xft#Jt«»3 514. SfHffltt 
B^6H)lll*ll^l»t4iia'eff«Iil7-f;i* 3 3 
^SSft«»rHW*i|gtbrtA<«t=0<(D*|»iL^ 

[0 0 2 0] Z(7)B#. (5lMfl¥"J^83 01*. IhJW^^CT)^ 
*IJt«« 1 0tZ?4Jls$40tVCO50 Z>tt Z>)\s— 

t ct«t, Art-?-^(DeiSliSaEi:^P^^«#» 
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(KVfo&o &*Bi£$$3§1 0^7^^40^0050 
f(t) = Af*exp(-2*r *ftc*t)- 



[0 0 2 4] A 0*<»7rt^*i:effiitR»ttS*3b<Ji^ 

[0 0 2 5] Ctlcfc y . A f = 7T * f t c bUV , A A 

c<7>7rf&JUTT?mi?l^^;u— ?ii$S»ftt-&o ^ 
Bun*B^?>HM-r*iia-cf^ aa-t-sg&s®^ 

ny?m^®fe&<D®fc&&tf f t c<D7r«iUTr*l§l«B 
*iJ3EIhIB3 O^HMfi^Sai^^-ScirfCcfcy. fi*B3l 

[002 61 B5I1 *»M*ffll^fc*»M&«*«* 
^•Tt<7>*C. BHc^-rsi«aU:K«2 0i:H«|2|aJS«3 

oo>*i*Mft«ifiR«i*ia6ic^-r. ttte, vcosi 
* **i-?*imj r* a a-t ^tii/ao t <dt* & « . 

[0 0 2 7] ElSCOX-f **fttt«tt»« 1 11*. A* 
<b ^ □ ? ^«#0>fi[««(CJ£ i:f:/tofg(?)lE 
£N A N D 1 *><dJA L. NANDia)ffl*tffc6fiF</)^ 
@S/\^l/XifNAND2^tb^1*^o /<-f7K— 7h7> 
vZ^T 1 OO^bT 1 O 3-C?«fi£-r^>l5lSSliN AND 

iat/NAND2o>«BE«**«3a«*i=*«-r*. a 

^(ttt«lttt«1 1(D3|HS«3SaiAA<Ot*:«>«NAN 
D2©i8/^BS»SLtl^. MOSF7>vA 
$M1&tfM2l£. Hffl«(BTfl*H»l*iJ^»3 OjE«m 
Atf/W l/^t^otx-f ^^ftttflflMJttt*! 1 
*BM**1i\ SPB««e-ei*WJB«36«3 0IE*ifci±A*< 
a— u^u^ttorx^/v^ftttflttWttttS 1 i<z>fcfc 
A£<9jJ:f6o x-f *^f*(atB{at§lt«Bi itbA£;u 

— :?7-fJU* 4 O0>R 1 (C»«EL. X^vfSW2^1> 
LTJBXIkJttt«2 OdiA^/U— 4 0<DR 2 

fBJtRB 1 1 £ . RUC1 T-m&L LtzJls-Zfy 4 >U£ 



(t) <t U tt^fl^A f GWB5I*&*M/- 
f ( t ) lift ( 1 ) X'&itho 

[00 2 1 ] 

[ft 1 ] 

*<i> 



ft (2) 



* 0 vcos ia>spi9Lfc*«ja»»i*. c 1 cDm^-e 
HWLtfiy, ;i/-^yg^M(:fci+^vco5i 

#sa>i^-c*,. x-r ^^tttt«fit«jt««i I S^U- 
[0028] B6li« 05 MbT£ftJ±*x"g 2 0 t is] 
«fl3e»3O0)fti»Wte«lJa«**t. Ji;J£ftl±i£S§2 

o tmmii?z&3 oizm^tzm zm$tt&!&3 2&&m 

U ffl*»tb««2 0i:raM*iJ5e»3 0l*T^-Py-Ctt 

[0029] ja*ftjt«»2 oi*. matt&t&z 1 

2<7>{£*Bit«S3 2ta5?v9iBf2 2fr*>««« 
Jt«»2 1 te«fci;«2<D(affiH:K«3 21*. <7P^?T 
(D±L*>±fi< y X -/ ytf-^ D (D U^;U£ 6 7 'J 

>S7'J *;?7D7?HB©9P*^ T-^»«L^P^ 

? «■«§■ * 7 y *v ^ ^ p v -?m& a> t 1 — * d 's j8« l r % 

7 aic^-r^^ir^^o 

[0 0 3 0] Ctlcfc y . tt«tt«8 2 1 f*. A^lf-^ 
<D±L*>±rf y X -/ yjl* <t Lt^P'V^ «^<7>&« *>< 

- ir ~OtilA/-Ct^««#«cn — L^u^tiiA L*n * 
^lt^-tf>lit§*><0~ + 7T tBtlTlx&JB^Ii/N-f U^U 
^ttiA-r^o ^2(7)^ffilt$x§§3 2 I*. A^f-5'^7 
y *^7Py^BB©*P^ T^IgjS8U9 0° ^P*V 
^«*t^U '^7P^08O)f-^ D«-s|g^*r^)CD 
■C. AA-r — £ (DSfc^-tA* L J x is&>&£ Lt^P 1 ^ 



[0022] ft (1) COt =0->oo-c?(Dii«v7 A [0 0 2 3] 

0t«t. A0l*ft (2) tSl*l)o [ft2] 

A 6 = J2tt *f(t)dt 

=2/r Af* JexpC-2/r *ftc*t)dt ^ 
=2?r Af* {-1/(2* *ftc>) * [-2* *ftc*^] 
= AP/ftc 
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~-0. 57rXI*-fO. 5 7r~ + 7r<htt*8^2><*£lvt§ 

□ — U^;u £ til * "T £ o 
[003 1 ] \*T—$m^lzmLX9ay$m^0>® 
*8MM6l**flfta>*>f 5 — h£EJ7 c (Z^. 

Qv7^ 0SSP^ T 2 1 : X £ v $ |£H 7 c 0)35 2 fiffitt 

««a*Q<Dvjs$»yji*K P9*^HBnT 2 3 : 

15 ^^1*127 c(DK2OfiLffiJt««ttJ*JQ0)VViiS* 

«yafc, ia»atk«»2onj*i*; js£»¥'j5ta<T?# 

[0 0 3 2] I^«flfl5£»3 0fi. K2 0>{MtttttV3 2 
<t IKBftftWttJf MS 3 4 £ t A^ »J yxttttt!8 3 5 
0 7 clC^-T^-r 5 — h0f 20)ii 

f§tt*£3§3 2**1*; Aa^—^OTi* 
HXMC IS £ fc/ A tf-T 4 o <SM sftft««4MI« 3 

3 5ffl*i*#B»n— u-^uta y , i^fflttjst^-To 

mtUi) % tXf'J vXftittt«3 5<BBfllU±.£fc* 
3§3 4f*. v-;/*(&**l*Aa-r — *(B»*(c8K2fiffi 

lt««3 2^«^*l»|BlMtt#H««**WBE^6» 
[0 0 3 3] (U7 cf*. A*^— *#1 0«yigLa>B# 

9o AA*r— ' — ><D*S^(CC(7>I5ISS^ 

ttttjtis«& LTiswrr*. cticfey. v cos 10 
«#(D««»«iHtt a * * eaiiss $ sin 

<tLt-90-+1 1 0%£t£^LTl>£ o 

[0034] E8i*. ^asBs^fflixfcsijcofiffijaaiaEi 
m®&<Dmmm : £*-t : b<r>vfo&<> vco-a, vco 
-b. vco-ci*, oayom^mxL&tfmuvmu 

**lftlWCO<D;HH«3!ll4»itty , *5£Wlz£.&m 



RHWH»lc*4ttlfi-c?*y, 1 SM^SiltS 1 C 
fcciLtt^. tMMMkBJMBBi ooii, 3*I3£ 

* □ ? 9n«nMkft<ii&6 v c o * l 
a> a * -x - * i£ jg 1 c *t is t? # 6 c 
[0 0 3 5] 1291*. *flM£m*fc*SABB0>Jllfi 

SSI OOC, §^2 0 0, ffitK4t(B«3 0 0. 

*«*4oo, i8SiJS5 0 0£«*T*g«BB£«^ 

[0036] Art^r— >t*ny9OTtfH»Ltl^ 
B#a>««ii«:7-< ;u^di*f*. A:fc-r— Lfc 
^a^«f<Dfitti<l«-18 0' £tcf* 
+ 9 0° ^b+18 0' t1£Z>*g,&<D§&£mm£mLX 

±#rr«'. (s«aa7-f^*3 3o>jE«<bLfcffl*«E 

«SI£B 1 OCZ^f c 

[0037] H20tXf 'J vXtttb*fc»7 1 <DT3~ 

A*ai'r*B«s«i2a>t:x^y ->x»jt««jE*fc« 

0. 8 5 V, 77-A»Rf4HfiSS2fl)tXf Uv 
[003 8] n 1 — £ Wk y I£t!>< 1 0-1^b10~3 Tr* 

**«BB-C«±Tr««»«*f=Jt^<T*Jt*«*A<* 
[0 0 3 9] 

CO^&tt4B*»H«^-^«*i: Ut, BttRBB 

^&tt«BM^--^i=«iy»A*B»r=tt*Ba» 

[0 0 4 0] *fc. *«Sfllcj:*Lli, (ftffiBXftBBB 
BcDttttitK*— Kt?H»liMlFT?#-&*<«BM(=Hr5ea> 

LrBB»i=Ba»Jt«B*<»« Lr*;u— ^* 
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®tt£'nl^ 077v-;5 LUl^mtf 

[004 1 ] *&BJ\iZ£1xl£ % A^f-^/)<NR 

[0 1] ^i!-r^)^4lJlI^^l5l^[HlS8^P^^[l^^ 
[Si 2] P^-r^>m8JI3^Sft[5)^(E]SS^P^^E]^^ 

to 

[03] ^0.fl^ffiUN^meJl]^giilH3«fil°l£&^a'v^E] 

[14] ^^B^^fflLNf-lHl^^J^SgO^P^^El^^ 

"To 

[us] *§£BAzm^tzm*m2<nmwtttemf&M£* 

tt\ 9 0° ^§§^^1^9 0° m@v7hLf:^P 



me] m 5 ic^ l tz- Kit Ltzm&&tt$mtmmm 

[0 8] *^0J^fflL^^{Ii:^S)ll«S^^«fl[slSS^□^^0 

[09] *^0^^ffl^^7feSmiE]5S^n^^0&^-ro 
[0 10] **0^&ffll^c*g<tlEl5&(OIE*^bL/c^>r 
;u^dd^SE<ttb^)T-^cD^y^cDK«^^-r0^^ 

[fiF^<£>t&Bjn 

10. 10-1. i o- 2- -te:*Btt$£3g. 1 1-^7 

2 2-P v^ESS. 3 O - fsjm^j^S. 3 1- 
9 0° 3 2 - |B2<7){£*Slt$3i^ 3 3-181 

ifi^yu*. 3 4 3 5-t^f 
Uv*ttJt«S. 4 0. 4 0- 1. 40-2 • 
>r;u*. 5 0. 5 1 •■•«0E*l»*«S& (VCO) . 6 0 
•-■-fcU^£. 7 0-77- 7 1-f 2(DtX 

s§. i oo - *%BMmm&&mmm&* 200-s 

ftffl^. 3 OO^flWH, 4 0 0-ttS«B8, 5 

0 0 — K&JS. C1-il, R 1 . R 2-»ta. SW- 

1 . 



[0 1] 



[02] 




02 



10-1 



WW 



40-1 



10-2 



itmu 



zo 



tt«t» 



30 



!*i;u-?: 



go 



50 



40— 2 



[03] 



[04] 



H3 




31 



90* 



H4 



30 



n 32 

n, 1 



33 



raffles 



+0 tUft( + ) 



fcBA(-> 
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jrnjvrnjirirLr 
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_n_r 



U l_ 



T21 :X*y* 



T23:XSv$ 



~i_r 



i TL_r 



1. 1 

1 0. 9 



Joe 

| 0.7 
go. 6 



1D-» io-» 10* 1 TO"* 10 -9 10— 10~ a 10~ a 10" 
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[IB 6] 
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[BB8] 




[■9] 




flft 






WW 




VMS 



10 



600 



20 



40 



31 



30 



90' 



32 



33 



ft* 



7P> h"<— iXDifcZ 



(51) Int. CI. 7 
H 0 3 L 
H 0 4 B 



H O 4 L 



7/113 
10/28 
10/26 
10/14 
10/04 
10/06 
10/00 

7/033 



F I 

H0 3L 7/10 
H O 4 B 9/00 



T-7D-K (#«) 



H 0 4 L 



7/02 



B 
Y 
B 
B 
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(72)*W# OjT « F$— 5J106 AA04 BB01 CC01 CC20 CC21 

^^jl|i^fi|^rtTpl^IEFlfBr216#tfe CC30 CC31 CC41 0DO6 DD08 

5tftaBJC«ttBfrii«vXT-A***»rt DD09 DD13 EE09 FF02 GG04 

HH10 JJ03 JJ09 KK03 KK25 
LL03 LL07 

5K002 AA03 CA02 DA05 EA05 FA01 

5K047 AA02 AA06 BB02 FF02 GG09 

GG10 GG24 KK01 MM31 MM33 
MM46 MM50 MM59 MM63 



